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@> Calibration method and apparatus. 



(57) Method and apparatus for calibrating the 
drive current circuit of a semiconductor laser 
diode subject to reflected optical feedback from 
a target surface such an an optical recording 
disk. The method makes use of two power 
output vs. drive current characteristic curves for 
the laser, one curve 190 for in-focus condition 
and the other curve 191 for out-of-focus condi- 
tion, wherein the curves exhibit an asymptotic 
region at high power level (P2). Measurement of 
drive current 12 at power level P2 is taken under 
an out-of-focus condition. Measurement of 
drive current 11 and 13 at a predetermined low 
power level P1 are taken for both out-of-focus 
condition and in-focus condition. The linear 
slope of the in-focus curve 190 can thus be 
calculated to set desired power levels. 
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This invention relates to the calibration of optical 
apparatus. 

Optical disk devices are used for the storage of 
computer prepared data and have recognised value in 
their ability to store large quantities of data. The me- 
dia for use in such devices is reactive to bursts of light 
such as may be produced by the rapid switching of a 
semiconductor laser. In order to write data on optical 
media, the laser power must be controlled at a fairly 
high power level in order that the media can be al- 
tered to reflect the presence or absence of data. In 
reading the data back, the laser power level is con- 
trolled to a lower level so that the media is not altered 
by the laser beam. 

Optical media is of two general types. That is, me- 
dia which can be written only once and media which 
can be written, erased and written again. Write once 
media (WORM) is permanently altered when "write" 
power levels are produced by the laser beam while 
erasable media such as magnetooptic (MO) media is 
not permanently altered when data is written. In the 
MO media, the magnetic orientation of the reactive 
material is altered in the writing process and in the 
erasing process the magnetic orientation is reor- 
dered. 

In operating an optical disk system, it is neces- 
sary to set the correct laser power level to read and 
to write for each optical disk. The correct parameters 
for the optical disk are included in information in an 
identification header stamped onto the disk itself. 
That information, when read by the system, enables 
a calibration circuit to set the desired current levels 
for the laser to produce correct laser power. As the 
laser is subject to unintended changes in its operating 
parameters particularly with temperature and ageing, 
the calibration method is also used to change current 
levels for the laser so that the correct power level is 
maintained under operating conditions and through- 
out laser life. The common practice of calibrating the 
laser circuits to operate with a given optical medium 
usually involves analysing the laser light intensity at 
the optical medium. To do that, the laser control cir- 
cuits are set to match a predetermined or desired light 
intensity at the optical medium. Analysis is conducted 
to enable setting digital-to-analog converters (DAC) 
for controlling laser power in the writing, and the eras- 
ing operations of optical mediums. With a WORM me- 
dia, the high light intensities needed to calibrate the 
circuit might write on the disk and thereby cause per- 
manent alteration of the media during the calibration 
process. Therefore, it has become common practice 
to calibrate WORM media with the laser beam out-of- 
focus at high power levels in order to calibrate without 
permanent alteration of the media. It is possible to 
use out-of- focus conditions as the optical path for 
WORM media is designed to eliminate light feedback 
reflected from the optical disk. With MO media, the 
common practice is to calibrate the system under in 



focus conditions in order to obtain accurate power lev- 
els as optical feedback cannot be eliminated from the 
optical path. One of the effects of such feedback is a 
change in the laser power versus bias current (P-l 

s curve), and, therefore, calibration should take place 
under in-focus conditions. 

For MO media, the power level for the "write" 
DAC calibration could be performed with the laser 
beam in-focus. However, with WORM media, the 

10 "write" DAC power level cannot be calibrated with the 
laser beam in focus as permanent alteration of the 
media would result. 

US-A-4 ,785,443 describes an optical disk system 
and laser light control circuit for WORM disk media. 

15 The "write" laser power calibration is performed with 
the media out of focus in order to protect the storage 
media from permanent alteration. 

The present invention seeks to provide a calibra- 
tion technique which can be used on both "write once, 

20 read many" (WORM) disk media, but also erasable 
magneto-optic (MO) media. 

This invention provides a calibration technique 
and apparatus for establishing the correct power lev- 
els with which to drive a semiconductor laser at power 

25 levels that are safe for write once media in the pres- 
ence of optical feedback so that either erasable or 
write-once media can be used. At very high power lev- 
els the in-focus and out-of-focus P-l curves approach 
each other and therefore the difference in current be- 

30 tween the in-focus and out-of-focus condition is 
small. As a result, a high power level is chosen to im- 
plement the invention at a level where the difference 
in current is small. In that manner a calibration tech- 
nique is presented which enables the user of a high 

35 power level to calibrate the laser at an out-of-focus 
condition regardless of the type of media located in 
the disk drive. 

In an embodiment of the invention, the objective 
lens is moved to an out-of-focus condition and a first 

40 predetermined low power level is attained; the cur- 
rent level and DAC setting are recorded. Next, the 
power is increased to a second predetermined high 
power level where in-focus and out-of-focus P-l 
curves are asymptotic; the current level and DAC set- 

45 ting are recorded. Next, the power level is dropped to 
approximately the first predetermined level and the 
objective lens is moved so that the laser beam is in- 
focus. The power level is adjusted to the first prede- 
termined power level and the current level and DAC 

so setting are recorded. In that manner, the slope of the 
in-focus and the slope of the out-of-focus curves are 
determined. With that information, any particular 
power level, for example, a "write" power level which 
might be half way between the high and low calibra- 

55 tion levels can be accurately set. 

The scope of the invention is defined by the ap- 
pended claims; and how the invention may be carried 
into effect is hereinafter particularly described with 
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reference to the accompanying drawings in which: 
Figure 1 is a block diagram of an optical disk re- 
corder incorporating present invention; 
Figure 2 is a diagram showing the laser control 
circuit for the recorder of Figure 1; 
Figure 3 is a diagram of the P-l curve for in-focus 
and out-of -focus conditions; 
Figure 4 is a simplified flowchart of a machine op- 
eration for calibration in accordance with the in- 
vention; 

Figure 5 is a flowchart of generalised machine 
operation for the calibration according to the in- 
vention; and 

Figure 6 is a flowchart of an alternative operation 

for calibration according to the invention. 

An optical disk 10 (Fig. 1) is mounted for rotation 
in an optical disk recorder/player in which an optical 
system 11, including the usual beam splitters and the 
like, supplies to the disk 10a light beam generated by 
laser 14 through objective lens 12 over light path 13 
and receives reflected light from disk 10 over the 
same path and objective lens 12. The light beam is di- 
rected through optics 11 to disk 10 as controlled by 
laser control circuit 15. The recorder-player is under 
control of a programmed microprocessor 20 which 
has a random access memory (RAM) 21. Micropro- 
cessor 20 supplies a digital value over cable 22 to dig- 
ital-to-analog converter (DAC) 23. DAC 23 supplies 
an analog signal to laser control circuit 15 to set the 
beam intensity emitted by laser 14 to optics 11. Such 
laser output light intensity includes modulation based 
upon data as supplied by microprocessor 20, or other 
data handling circuits. Line 24 from microprocessor 
20 to the laser control circuit 15, provides additional 
mode control to control the laser control circuit 15. 

Laser 14 is controlled in intensity by a feedback 
circuit in laser control circuit 15. Laser 14 emits an 
auxiliary beam over light path 30 to a photo diode 31 
which also receives reflected light from optic 11 . Pho- 
to diode 31 varies the photo current amplitude in ac- 
cordance with the light emitted by laser 14 over path 
30, including feedback. If desired, the main beam may 
be used to illuminate photo diode 31 by passing the 
beam through appropriate optical components includ- 
ing beam splitters. Trans impedance amplifier 32 com- 
pares current amplitude through the diode 31 with a 
reference value on line 33 to supply signals over line 
34 indicative of laser output beam intensity. Potenti- 
ometer 38 adjusts the gain of the transimpedance 
amplifier 32. This adjustment provides a calibrated 
signal level on line 34 in volts per watt. As a result, the 
signal level on line 34 represents the light power out- 
put of laser 14. Laser control circuit 15, in normal op- 
eration, responds to the signal level on line 34 to 
maintain the laser 14 operation at predetermined in- 
tensity values. 

Additional circuits are provided to process the 
signal on line 34 to enable automatic calibration of 



DAC 23 so that numerical values on cable 22 accu- 
rately represent a desired light intensity output of las- 
er 14. DAC 23 is calibrated based upon the intensity 
of laser 14 at a minimal or safe power level P1 and a 

5 maximal or high power level P2. 

A first analog comparator 40 receives the signal 
on line 34 at one input and at the other input on line 
41 a reference value indicative of a first predeter- 
mined value CAL VR1 which is a voltage level corre- 

10 s ponding to the desired minimal or safe power level, 
P1. Comparator 40 supplies an inactive signal over 
line 42 to microprocessor 20 at all times until the sig- 
nal on line 34 indicates that laser 14 is emitting a light 
beam equal to or greater than the minimal value. At 

15 this time comparator 40 supplies an active signal over 
line 42 to microprocessor 20. 

Microprocessor 20 then stores the value input to DAC 
23 in table 43 of RAM 21 for later calculation of values 
to be used in controlling laser 14. 

20 An analog-to-digital converter (ADC) 100 is con- 

nected over line 101 to laser control circuit 15 and 
over line 102 to microprocessor 20. ADC 100 meas- 
ures the drive current for laser 14, that is, the output 
current of laser control circuit 15. When the predeter- 

25 mined power level P1 is, reached and the corre- 
sponding DAC 23 setting is recorded in table 43, the 
digitised output of ADC 100 representing the drive 
current for power level P1 at an out-of-focus condition 
is also recorded in table 43. 

30 The microprocessor 20 is programmed continu- 

ously to increase the numerical value over cable 22 
thereby to cause DAC 23 to actuate laser 14 at ever 
increasing power levels to increase output light inten- 
sities. A second analog comparator 35 receives the 

35 signal on line 34 at one input and at the other input 
on line 36 a reference value indicative of a second 
predetermined value CAL VR2 which is a voltage lev- 
el corresponding to the maximal or high power level 
P2. The repetitive step-by-step increase continues 

40 until comparator 35 detects a signal on line 34 which 
is greater in amplitude than the reference signal CAL 
VR2, on line 36 representing a maximal power level 
P2, producing a desired reference output light inten- 
sity of laser 14. Comparator 35 when sensing the line 

45 34 signal being less than the reference signal on line 
36 supplies an inactive signal over line 37 to micro- 
processor 20. As soon as comparator 35 determines 
that the line 34 signal exceeds the reference signal 
on line 36, then an active signal is supplied over line 

so 37 to microprocessor 20, whereupon microprocessor 
20 stores that DAC 23 input value in table 43. At this 
point, microprocessor 20 also records the digitised 
output of ADC 1 00 representing the drive current pro- 
ducing power level P2. 

55 After dropping the power level back to a level 

somewhat below level P1, the objective lens 12 is 
moved to bring the laser beam into focus at the sur- 
face of optical disk 10. Comparator 40 receives the 
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signal on line 34 as an indication of laser 14 intensity. 
The DAC 23 setting is increased until the signal on 
line 34 matches the CAL VR1 signal which produces 
the first predetermined power level, P1 . At this point, 
the DAC 23 setting is recorded in table 43 as is the 5 
ADC 100 output representing the laser drive current 
needed to produce power level P1 at the in-focus con- 
dition. 

In laser control circuit 15 (Fig. 2), an amplifier 70 
receives a signal from line 34. A reference input at line 10 
71 controls amplifier 70 during read operations. Re- 
sistor network 73 is coupled to reference voltages 
with the bias supplied to amplifier 70 over line 71 be- 
ing varied by the read switch 72. The signal voltage 
amplitude difference between the signals on line 34 15 
and line 71 is the voltage error output between a de- 
sired read laser power level and the actual laser out- 
put power level. Amplifier 70 amplifies this error vol- 
tage and supplies it through control switch 75 as 
closed for read operations by a signal from micropro- 20 
cessor 20 received over line 76. Capacitor 77 
smooths the signal received from amplifier 70 and 
acts as a sample and hold capacitor when switch 75 
is open. A second amplifier 78 buffers and amplifies 
the error signal to pass it through resistor 79 to a con- 25 
trolling transistor 80, which acts as a current control 
for a second transistor 81 which has its base connect- 
ed to the collector of transistor 80. Transistor 81 sup- 
plies a drive current from a reference source +V1 
which flows through resistor 112, voltage shifting di- 30 
ode 82 and thence to laser diode 14 to cause emis- 
sion of light. Voltage across resistor 112 on lines 101 
and 101 A acts to sense the value of the drive current 
which is then converted by ADC 1 00 to a representa- 
tive digital value on line 102. The drive current value 35 
flowing through transistor 81 is the total value for the 
mode involved. For recording, this means a recording 
level of current flowing through laser diode 14 to ac- 
tuate it to emit an output light having a power level for 
recording on a record medium. Between the writing 40 
impulses i.e., the record zeros or no change in the re- 
cord medium, the current from transistor 81 is partial- 
ly diverted through a transistor 86 to current sink 87. 
The value of current through current sink 87 is con- 
trolled by DAC 23, therefore controlling the laser 14 45 
emission. A WRITE signal is supplied to switch 90, in 
the form of a flip-flop. A transistor turn-off signal sup- 
plied over line 91 makes transistor 86 non-conduc- 
tive. This action forces the current from transistor 81 
to flow through the laser diode 14 to cause maximum so 
emission of radiation or maximum light output. Simul- 
taneously, the line 92 from the flip-flop 90 switches 
transistor 93 to current conduction to replace the cur- 
rent in current sink 87 previously supplied by transis- 
tor 86. The result is recording binary ones on the re- 55 
cord medium 10. When a NOT WRITE signal is sup- 
plied to flip-flop 90. the current conduction of transis- 
tors 86 and 93 is reversed to divert current from tran- 
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sis tor 81 to reduce the emission of radiation or light 
from laser 14. 

During reading operations, switch 75 being 
closed, a laser 14 control loop exists such that the line 
34 signal (representing emitted laser light power) 
matches the line 71 signal (desired read laser output 
power level). Each time microprocessor 20 changes 
the DAC 23 input value, it closes switch 75 and sets 
flip-flop 90. Then transistor 86 becomes current con- 
ductive. This action changes the current amplitude in 
current sink 87 so that the amount of current being di- 
verted from transistor 81 is also changed. Upon each 
change of input value to DAC 23, a time delay is re- 
quired to allow the laser control servo loop described 
above to reach an equilibrium operating point During 
this time delay, the change in current flowing through 
transistor 81 is allowed to stabilise. During recording 
or erasing modes, switch 75 is kept open to prevent 
the above described servo action from changing the 
laser drive current during recording or erasing. 

Comparators 35 and 40 are used to calibrate the 
DAC 23. During the calibration phase at the predeter- 
mined low power level P1, voltage CAL VR1 is sup- 
plied over line 41 to comparator 40 to detect the lower 
power laser output During calibration at the predeter- 
mined high power level P2, voltage CAL VR2 is sup- 
plied over line 36 to comparator 35 to detect the high- 
er power laser ouput level. 

In two power-current characteristic curves (Fig. 
3) for a semiconductor laser, curve 190 is produced 
for an in-focus condition showing the power levels 
produced at corresponding current levels. Curve 191 
is produced for a maximum out-of- focus condition 
showing the power levels produced at corresponding 
current levels. The power level P0 represents that 
threshold power level at which lasing mode is ach- 
ieved. The corresponding threshold current level is 
designed ,TH n , for the in-focus condition and ,TH no for 
the maximum out-of-focus condition. Alow reference 
power level, P1, is chosen so that write-once media 
will not be altered when the lens is in-focus. A high ref- 
erence power level P2 is chosen such that the differ- 
ence in laser current to produce P2 is small between 
in-focus and maximum out-of-focus conditions. The 
characteristic curves 190 and 191 approach asymp- 
totically at high power levels. 

At high laser power, the difference in laser power, 
for a given laser bias current, is small whether the las- 
er beam is in or out-of-focus. The calibration opera- 
tion of this invention finds the change in laser DAC 
value, A DAC2, that is required to produce a change 
in laser power from a first low reference power level. 
P1, to a second high reference power level P2, while 
the laser beam is out-of-focus. Also, the change in 
laser DAC value, A DAC1, is found that is required to 
change the laser bias current for the low power level 
P1 with the laser beam in-focus to the power level P1 
with the laser beam out-of-focus. The power level P1 
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is a low or safe laser power level for WORM media 
when the laser beam is in-focus on the media. The 
laser DAC efficiency E is then calculated as the 
change in laser power (P2 - P1), divided by the sum 
of the change in DAC value (A DAC1 + DAC2). 

In machine operation (Fig. 4) where it is assumed 
that P1 = PO, and that DAC1 = 0 at PO, at step 200 
the objective lens is moved away from the media to 
a maximum out-of-focus condition before the laser is 
turned on. In step 201 , the laser is turned on with the 
DAC set to zero, laser power control loop (LPCL) 
closed by closing switch 75 and, with write data set in- 
active, the laser power level is read as P1. In step 
202, the laser drive current 12 (Fig. 3) is then meas- 
ured with ADC 100 and saved as ADC1 . Power level 
P2 is selected at step 203 and a determination made 
at step 204 whether P2 has been reached. If not, the 
DAC value is incremented at step 205 with switch 75 
open and write data active. The switch 75 is then 
closed, write data is set inactive and power is again 
measured. The process is repeated until the DAC val- 
ue is found that is required to obtain P2 and that DAC 
value is stored as DAC2 at step 206. The laser current 
12 (Fig. 3) is again measured with the ADC 100 and 
saved as ADC2 at step 206. Then the LPCL is closed 
and the DAC is reset which returns the laser power 
level to P1 , at step 207. Thereafter, the laser beam is 
put into focus on the media at step 208 and the laser 
bias current 13 (Fig. 3) is measured with the ADC 100 
and saved as ADC3 at step 209. At this point, calcu- 
lations are all that remain of the DAC calibration pro- 
cedure, and these are performed in the microproces- 
sor 20 at step 210. 

In step 210 calculations, the change in laser DAC 
value is found that is required to change the laser 
drive current from P1 with the laser beam in-focus to 
P1 with the laser beam out-of-focus as ADAC1 in 
Equation (1). 

DAC1 = ADAC2 x (ADC1 - ADC3)/(ADC2 - 

ADC1) (1) 

The DAC efficiency E1 is calculated as in Equation 
(2). 

E = (P2 - P1)/(DAC2 + ADAC1) (2) 
The DAC value DACn, can be calculated for any 
laser power level P1p as shown in Equation (3). Also 
the laser power can be found for any DAC value 
DACn, as shown in Equation (4). 

DACn = (P1p - P1)/E (3) 
P1p = P1 + Ex DACn (4) 
In the calibration method (Fig. 5) which does not 
assume P1 = P0 and where the DAC setting is not 
necessarily equal to zero at P1 , at step 300, the ob- 
jective lens is moved to a maximum out-of-focus con- 
dition and initialising operations are carried out at 
step 301 to turn the laser on, select power level P0, 
reset the DAC, and establish read power level P0 with 
switch 75 closed and write data inactive. At step 302, 
it is determined whether the power level has reached 



P1. If not, the DAC is incremented at step 303 with 
switch 75 open and write data active. Then switch 75 
is closed and write data is set inactive to measure the 
power level. The process repeats until the power level 

5 P1 is reached, when at step 304, the laser drive cur- 
rent 11 for producing power level P1 is measured, con- 
verted to a digital value by ADC 100 and saved as 
ADC1 whilst the DAC value is stored as DAC 1. 
Thereafter the power level P2 is selected at step 305 

10 and a determination made at step 306 whether P2 
has been reached. If not, the DAC is incremented at 
step 307 and power measured again until power level 
P2 is reached. At step 308, the DAC setting is stored 
as DAC2, laser drive current 12 is measured and star- 
ts ed as ADC2, and the DAC is then reset Thus power 
level P0 is again established. Power level P1 is select- 
ed as a search value at step 309, and focus is ac- 
quired at step 310. A determination is made at step 
311 whether P1 has been reached. If not, the DAC in 

20 incremented at step 312 until power level P1 is 
reached. At step 313, the DAC setting is stored as 
DAC3 and the drive current 13 is measured and stored 
as ADC3. At step 314 the microprocessor performs 
calculations according to Equations (5) to (8). 

25 ADAC1 = (DAC2-DAC1) x ((ADC1 - 

ADC3)/(ADC2 - ADC1 )) (5) 
E = (P2 - P1)/((DAC2 - DAC1) + ADAC1)) (6) 
DACn = DAC 3 + (P1p - P1)/E (7) 
P1p = P1 + E(DACn - DAC3) (8) 

30 An alternative method (Fig. 6) of calibrating the 

laser does not require the use of an ADC and makes 
use of the linear nature of the laser P-l characteristic 
curve (Fig. 3). DAC settings are saved for each power 
level P1 and P2 as before, and these numbers are 

35 used to represent drive current. At step 400, the lens 
is moved out-of-focus and the system is initialised at 
step 401. The DAC is incremented until target power 
level P1 is reached at steps 402 to 404, and the DAC 
setting DAC1 is saved at step 405. At steps 406 to 

40 408, power P2 is reached and the DAC setting DAC2 
is saved at step 409. At step 410, the DAC is reset and 
the read power level P0 is established by dosing the 
laser power control loop (LPCL) by closing switch 75. 
Focus is acquired at step 411. Next at steps 412 to 

45 417, the DAC3 value is found and saved. At step 41 8, 
the efficiency E is calculated using Equation (9) 
E = (P2 - P1)/(ADAC1 + ADAC2) (9) 
where ADAC1 = DAC2 - DAC1 and ADAC2 = DAC3 - 
DAC1. 

so In using this invention, it will not be known wheth- 

er MO or WORM media is inserted into the drive until 
after the control tracks are read. Therefore, the 
erase/write DAC calibration should be performed 
with the laser beam out-of-focus. If MO media is in 
55 the drive, the DAC calibration results are still valid. 

With the above invention, additional checking of 
the laser drive circuit can be performed. 

In prior art, the laser DAC transfer function has 
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been calculated and used for checking of the laser 
power control system. The units of the DAC transfer 
function E, are mW/DAC step. In the system descri- 
bed herein, by monitoring the laser bias current with 
the ADC, another transfer function is calculated. This 
is called the ADC transfer function n, with units of 
mW/ADC step as the change in ADC value is found 
that is required to produce a predetermined change 
in laser power. The equations to calculate the ADC 
transfer function are shown below for both out-of-fo- 
cus (no) and in-focus (ni) conditions. 

P2 - P1 



no = 



ni = 



ADC2 - ADC1 
P2 - P1 



(10) 



(11) 



(ADC2 - ADC1) + (ADC2 - ADC3) 
The transfer functions no and ni can be rewritten 
as the laser efficiency Ga in units of mW/mA, divided 
by the current-to-voltage converter gain K1 in units of 
V/mA, and the ADC 100 conversion factor K2 in units 
of ADC steps. This is shown below in equation 12. 

n = Ga/K1K2 (12) 
From the circuit implementation, if the current-to- 
voltage converter gain K1 , and ADC conversion factor 
K2 are known, the laser efficiency Ga can be calcu- 
lated in units of mW/mA as follows. 

Ga = n K1 K2 (13) 
In a like manner, the laser efficiency Gd can be 
estimated from the DAC transfer function E if the DAC 
conversion rate K3 in units of mA/DAC step is known. 

Gd = E/K3 (14) 
From the DAC calibration, as both the DAC 
transfer function E, and ADC transfer function n, are 
found, the laser efficiency in units of mW/mAcan be 
calculated from both equations (13) and (14) and the 
results compared to each other and against absolute 
limits. If the two efficiency calculations are the same 
but are out of the specified range, a fault is indicated 
in the laser diode. If the two efficiencies are not equal, 
a fault is indicated in the laser drive circuit. 

In addition, by comparing the results of the two 
efficiency calculations against each other, many 
other circuit functions in the laser driver and the cur- 
rent sensing elements can be checked, such as the 
current-to-voltage converter gain K1 , the ADC con- 
version factor K2, and the DAC conversion rate K3. 
Assuming that the two laser efficiencies, Ga and Gd 
are equal, the relationship between the ADC transfer 
function, n, and the laser DAC transfer function E is 
shown in equation (15). The DAC/ADC rate, DAC 
steps per ADC steps is the reciprocal of the product 
of the DAC conversion rate K3 (mA/DAC), the cur- 
rent-to-voltage rate K1 (V/mA), and the ADC conver- 
sion rate K2. These K factor quantities are controlled 
by the circuit design and should remain stable over 
time, thus limits can be established on the DAC to 
ADC conversion (DAC/ADC) rate. By placing limits on 
the DAC/ADC, the function of several circuit elements 
can be checked. 



DAC/ADC = n/E = 1/K1 K2 K3 (15) 
The relationship between ADC values and the 
laser bias current (ADC/mA) is established as shown 
in equation (16). These quantities are a subset of 

5 equation 15, thus also remain stable over time. Rea- 
sonable limits are established on the ADC to laser 
bias current (ADC/mA) conversion rate to check the 
ADC and laser functions. 

ADC/mA = K1 K2 (16) 

10 By monitoring the laser bias current with the 

ADC, additional checking can be performed on the 
laser power control system. When a command is giv- 
en to change the laser DAC it can be verified that the 
DAC did change because the relationship is known 

15 from Equation (15). Also a check can be made on the 
laser threshold current (or the laser bias current at 
some power level), when the laser is turned on or 
when a potential fault is present because the relation- 
ship between ADC value and laser bias current 

20 (ADC/mA) is known from Equation (16). 

The laser bias threshold current is measured by 
measuring the bias current with the ADC before the 
laser is turned on. This is called an offset value. The 
laser is then turned on at some power level, for exam- 

25 pie, 0.5 mW, and the laser bias current is then meas- 
ured with the ADC with the of feet value subtracted. 
If a limit is established on the maximum laser bias cur- 
rent at this power level, ie, 80 mA in this example, and 
the ADC to laser bias current conversion rate is 

30 known to be 1 .5 ADC bits per mA, a limit on the meas- 
ured ADC value can be established, for example, 120 
steps. If the ADC value is exceeded, the laser power 
control system is faulty. 

Several other possibilities exist with the ability to 

35 measure the laser bias current with an ADC. Some of 
these are as follows. By sampling the laser bias cur- 
rent with the ADC before the process of bringing the 
object lens in-focus with the media, it can be verified 
that focus has been acquired as the laser bias current 

40 will decrease because of light being fed back into the 
laser cavity. Also during the focus acquire process, by 
monitoring the bias current with the ADC, it can be 
detected when the objective lens is coming into focus. 
This is an alternative method to detecting the Focus 

45 Error Signal (FES) peak. Also by monitoring the laser 
bias current with the ADC while adjusting the FES 
offset, the point of minimum laser bias current will 
suggest optimum focus as the laser feedback will be 
a maximum. 

so While the invention has been particularly shown 

and described with reference to preferred embodi- 
ments thereof, it will be understood by those skilled 
in the art that various changes in form and details 
may be made therein without departing from the 

55 scope of the invention: 
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Claims 

1. A method for calibrating apparatus employing 
semi-conductor laser diodes subject to reflective 
optical feedback from a target surface wherein 5 
the power output vs. drive current characteristic 
curves for the laser diode exhibit an asymptotic 
region for in-focus and out-of-focus conditions at 
high power levels, including establishing an out- 
of-focus condition on the target surface, energis- 10 
ing the laser diode to produce a predetermined 

first low laser power level (P1) and measuring the 
laser drive current (11 ) needed to produce the low 
power level at the out-of-focus condition, ener- 
gising the laser diode to produce a predeter- is 
mined high laser power level (P2) selected within 
the asymptotic region, and measuring the laser 
drive current (12) needed to produce the high lev- 
el, energising the laser diode to produce the first 
low power level P1 , establishing an in-focus con- 20 
dition on the target surface, and measuring the 
laser drive current (13) needed to produce the 
first low power level (P1) at the in-focus condi- 
tion. 

25 

2. A method according to claim 1, including deter- 
mining the slope of the power vs. current charac- 
teristic curve for in-focus conditions using the re- 
lationship (P2-P1)/(I2-I3). 

30 

3. A method according to claim 1 or 2, including de- 
termining the slope of the power vs. current char- 
acteristic curve for out-of-focus conditions using 
the relationship (P2 - P1)/(I2 - 11). 

35 

4. A met hod according to claim 1 , 2 or 3, wherein the 
apparatus includes a digital-to-analog converter 
(DAC) for setting drive current levels, the method 
including saving the DAC setting (DAC1) to pro- 
duce the predetermined low power level (P1 ), en- 40 
ergising the laser diode saving the DAC setting 
(DAC2) to produce the predetermined high pow- 
er level (P2), and saving the DAC setting (DAC3) 

to produce the predetermined low power level 
(P1) for the in-focus condition. 45 

5. A method according to claim 4, including deter- 
mining the change in DAC value (ADAC1) to 
change laser drive current from in-focus power 
level (P1) to out-of-focus power level (P1) using so 
the relationship 

ADAC1 = DAC3 - DAC1, 
determining the change in DAC value (ADAC2) to 
change laser drive current from high power level 
(P2) to low power level (P1 ) at out-of-focus con- 55 
ditions using the relationship: 

ADAC2 = DAC2 - DAC1,and 
determining the DAC efficiency E using the rela- 
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tionship: 

E = (P2 - P1)/(ADAC1 + ADAC2) 

6. A method according to claim 4 or 5, wherein the 
apparatus includes an analog-to digital converter 
(ADC) for measuring drive current levels, the 
method including saving the ADC setting (ADC1) 
at the predetermined low level power level P1 for 
the out-of-focus condition, saving the ADC set- 
ting (ADC3) at the predetermined power level P1 
for the in-focus condition. 

7. A method according to claim 6, including deter- 
mining the change in DAC value (ADAC1) re- 
quired to change laser drive current from in-focus 
low power level (P1) to out-of-focus power level 
(P1) using the relationship 

ADAC1 = (DAC2 - DAC1) (ADC1 - 
ADC3) / ADC2 - ADC1 ; 
determining the DAC efficiency E using the rela- 
tionship 

E = (P2 - P1) / ((DAC2 - DAC1) + DAC1 ; 
determining the DAC value (DACn), for any laser 
power level, P1p, using the relationship, 
DACn = DAC3 + (P1p - P1)/E 
whereby a DAC setting is calculated to produce 
a desired power level, (P1p). 

8. A method according to claim 6, wherein the ap- 
paratus is adjusted so that low power level (P1) 
is equal to a threshold power level (PO) at which 
lasing mode is achieved, and where the DAC is 
adjusted to a setting of zero atthe low power level 
(P1), including determining the changes in DAC 
value (ADAC1) required to change laser drive 
current from in-focus low power level (P1) to out- 
of-focus low power level (P1) using the relation- 
ship 

ADAC1 = DAC2 (ADC1 - ADC3) / (ADC2 - 

ADC1); 

determining the DAC efficiency E using the rela- 
tionship 

E = (P2 - P1)/(DAC2 + ADAC1); 
determining the DAC value (DACn), for any laser 
power level (P1p), using the relationship 

DACn = (P1p - P1)/E; 
whereby a DAC setting is calculated to produce 
a desired power level (P1p. 7). 

9. A method according to claim 6, 7 or 8, including 
the determination of the proper operation of a 
laser diode and its drive circuitry, the method in- 
cluding obtaining the DAC transfer function (E), 
the increase in laser power output per DAC step, 
obtaining the ADC transfer function (n), the in- 
crease in laser power output per ADC step, and 
comparing E and n, and if equal and within a pre- 
set range of laser efficiency, indicating no fault, 
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or, if equal by outside the present range of laser 
efficiency, indicating a first fault, indicative of a 
faulty laser diode, or, if not equal, indicating a sec- 
ond fault, indicative of a faulty laser driver. 

5 

10. A method according to claim 9, including compar- 
ing the ADC transfer function (n)to the DAC trans- 
fer function (E) against a preset range of 
ADC/DAC ratios, and indicating faulty circuitry if 

the results of the comparison fall outside the pre- 10 
set range of ratios. 

11. A method of determining the proper operation of 
a laser diode and its drive circuitry, wherein laser 
drive circuitry includes a digital-to-analog con- 15 
verter (DAC) for setting drive current levels an 
analog-to-digital converter (ADC) for measuring 
drive current levels, the method including obtain- 
ing the DAC transfer function (E), the increase in 
laser power output per DAC step, obtaining the 20 
ADC transfer function (n), the increase in laser 
power output per ADC step, and comparing E and 

n, and if equal and within a preset range of laser 
efficiency, indicating no fault. 



25 



30 



12. Amethod according toclaim 11, wherein, if the re- 
sult of the comparison of E and n is equal but out- 
side a preset range of laser efficiency, a first fault, 
indicative of a faulty laser diode, is indicated. 

13. A method according to claim 11 or 12, including, 
if comparison of E and n is not equal, indicating 
a second fault, indicative of a faulty laser driver. 



14. Amethod according toclaim 11, 12 or 13, includ- 35 
ing comparing the ADC transfer function to the 
DAC transfer function against a preset range of 
ADC/DAC ratios, and indicating faulty circuitry if 

the results of the comparison fall outside the pre- 
set range of ratios. 40 

15. Optical disk apparatus wherein a semiconductor 
laser diode (14) emits radiation which is directed 
through a lens (12) to the surface of an optical 

disk (10) and wherein the laser receives an opti- 45 
cal feedback radiation reflected from t he surface, 
the apparatus including means for calibrating the 
drive current of the laser diode, characterised in 
that the apparatus comprises 

a laser diode (14) and an associated lens so 
(12) for receiving radiation therefrom, actuating 
means connected to the lens for moving the lens 
to an in-focus condition from an out-of-focus con- 
dition for directing radiation produced by the di- 
ode to a target surface, laser drive current means 55 
connected to the laser diode, laser drive current 
control means (15) connected to the drive current 
means for energising the diode to selected power 



levels, means for measuring laser drive current 
levels wherein 11 is the drive current for produc- 
ing a low power level (P1) at an out-of-focus con- 
dition, 13 is the drive current for producing low 
power level P1 at an in-focus condition and 12 is 
the drive current for producing high level power 
P2, and microprocessor means (20) for calculat- 
ing the slope of the power vs. current character- 
istic curve for in-focus condition using the rela- 
tionship (P2-P1)/(I2- 13). 

16. An apparatus according to claim 15, wherein the 
laser drive current control means includes a dig- 
ital-to-analog converter (DAC) means for estab- 
lishing DAC value settings DAC1, DAC2, and 
DAC3, where DAC1 is the setting for producing 
a low power level P1 at out-of-focus condition, 
DAC3 is the setting for producing a low powerlev- 
el P1 at in-focus condition, and where DAC2 is 
the setting for producing a high power level P2 at 
an out-of-focus condition, 

the means for measuring laser drive cur- 
rent levels includes an analog-to-digital converter 
(ADC) connected to the laser drive control means 
and to the microprocessor, where ADC1, ADC2 
and ADC3 are corresponding digital values for 
measured current levels 11, 12 and 13, 

the microprocessor means determining 
the change in DAC value (A DAC1) required to 
change laser drive current from in-focus low pow- 
er level P1 to out-of-focus power level P1 using 
the relationship: 

ADAC1 = (DAC2 - DAC1) (ADC1 - 
ADC3) / (ADC2 - ADC1 
determining the DAC efficiency E using the rela- 
tionship: 

E = (P2 - P1)/((DAC2 - DAC1) + ADAC1); 
and determining the DAC value (DACn), for any 
laser power level (P1p), using the relationship, 
DACn = DAC3 + (P1p - P1)/E. 

17. Optical disk apparatus wherein a semiconductor 
laser diode (14) emits radiation which is directed 
through a lens (12) to the surface of an optical 
disk (1 0) and wherein the laser receives an opti- 
cal feedback radiation reflected from the surface, 
the apparatus including means for calibrating the 
drive current of the laser diode, characterised by 
a laser diode (14) and an associated lens (12) to 
receive radiation therefrom, actuating means 
connected to the lens for moving the lens to an 
in-focus condition from an out-of-focus condition 
laser drive current means connected to the laser 
diode, laser drive current control means connect- 
ed to the laser drive current means for energising 
the diode to selected power levels, the control 
means including a digital-to-analog convertor 
(DAC) for establishing DAC value settings DAC1 , 
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DAC2, and DAC3, where DAC1 is the setting for 
producing a low power level P1 at an out-of-focus 
condition, DAC3 is the setting for producing the 
low power level P1 at an in-focus condition, and 
DAC2 is the setting for producing a high power 5 
level P2 at an out-of-focus conditions, and micro- 
processor means (20) for determining the 
change in DAC value (ADAC1) required to 
change laser drive current from in-focus power 
level (P1) to out-of-focus power level (P) using 10 
the relationship 

ADAC1 = DAC3 - DAC1; 
for determining the change in DAC value 
(ADAC2) to change laser drive current from high 
power level P2 to low power level P1 at out-of-fo- 1 s 
cus conditions, using the relationship; 

ADAC2 = DAC2 - DAC1; 
and for determining the DAC efficiency, E, using 
the relationship: 

E = (P2 - P1)/(ADAC1 + ADAC2) 20 

18. Apparatus according to claim 15, 16 or 17, includ- 
ing means for measuring the output power of the 
laser diode to establish the selected power lev- 
els. 25 
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